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(54) Coupling arrangement for a 
cavity resonator 



(57) A coupling arrangement for a 
cavity resonator (10) in particular for 
measuring the magnetic resonance of 
a sample (17) axially located within 
the cavity, comprises a loop (1 4) for 
supplying a radio frequency signal to 



the cavity and exerting in the latter a 
Hq^^ mode of oscillation. For 
optimizing the coupling of the radio 
frequency signal, mechanical means 
are provided, preferably in the form of 
an axially adjustable screw (1 6), 
which permit the surface of th loop 
(14) to be varied mechanically, and 
the loop (14) is capacitively coupled 
with the resonator housing. 
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SPECIFICATION 

Coupling arrangement for a cavity resonat r 

The present invQition starts out from a coupling 
arrangement for a cavrty resonator, in particular 
5 for measuring the magnetic resonance of a 
sample located within the cavity resonator, in 
which a radio frequency signal is supplied to the 
cavity resonator and coupled In by means of a 
loop for exciting an oscillation mode, with means 
1 o being provided for mechanically adjusting the 
loop. 

A coupling arrangement of this type has been 
known already form US Patent Specification No. 
4.051.447. 

15 It has been known in analytic measuring 
techniques to determine the properties of 
materials by inducing magnetic dipole transitions 
in the samples. The methods used for this 
purpose are designated in a summary manner as 

20 Magnetic Resonance IVIethods and described, for 
instance, as nuclear magnetic resonance or 
electron spin resonance methods. In the case of 
the electron spin resonance method, the sample 
Is simultaneously exposed to an rf magnetic 

25 field — usually in the microwave range — end a 
constant magnetic field, usually In the range of a 
few Tesla. If a suitable relation exists between the 
frequency of the rf magnetic field and the intensity 
of the constant magnetic field, magnetic dipole 

30 transitions are generated in the sample which 
permit conclusions as to the structure of the 
sample under investigation. 

Usually, samples are introduced in this method 
into a cavity resonator at a point of ma)dmum 

35 Intensity of the magnetic flux lines H and 

minimum Intensity of the electric flux lines. Now, 
when the before-described electron spin 
resonance occurs, this condition is manifested in 
a variation of the complex susceptibility of the 

40 sample which leads In a tuned resonator to a 
variation of the Q factor and/or the natural 
frequency due to the fact that the sample changes 
the complex load on the resonator. 

If different samples having a different basic 

45 susceptibility are to be measured one after the 
other, for instance solid bodies on the one hand 
and liquid samples on the other hand, the 
resonator must be correspondingly re-tuned as 
such different samples constitute a very different 

50 load on the resonator. 

Suc*i re-tunIng may be effected for instance by 
varying the manner In which the rf signal is 
coupled into the resonator. If, for instance, the rf 
signal is coupled in via a hollow waveguide and 

55 an iris diaphragm, re-tunIng of the resonator may 
be effected by varying the effectiv iris surface by 
means of a suitable conductiv screw. 

However, it has also been known to effect 
coupling of the resonator by means of a loop 

60 arranged to embrace part of the magnetic flux 
lines in the cavity resonator. If, for instance, a 
cylindrical cavity resonator of the H^^ mode is 
used in which the magnetic flux lines propagate in 
the axial direction along the resonator a)ds and 



65 the shell surface to close in the radial direction 
along the end faces of the cylindrical resonator, 
the loop may be arranged in a resonator cover 
part to extend along a circular sector or segment 
at a distance to the resonator axis and Into the 

70 resonator so as to embrace part of the magnetic 
flux lines. 

However, while it Is relatively easy In the case 
of coupling arrangements using an Iris diaphragm 
of variable cross-section to adapt the 
75 arrangement to different samples, this possibility 
is very limited in the before-described loop 
arrangements and the arrangement described at 
the outset using a mechanically adjustable loop 
because the loop ends on the one hand in a 
80 feeding waveguide or coaxial line and is, on the 
other hand, fixed to the resonator wall. 

Starting out from this state of the prior art th 
invention has for its object to provide a coupling 
arrangement for a cavity resonator of the type 
85 described before which on the one hand permits 
coupling by means of a loop and, on the other 
hand, permits the resonator to be adapted 
without any problems to a wider range of 
extremely different loads in the form of samples of 
90 different natures. 

According to the Invention, this-objective Is 
achieved in that the loop is capacltiveiy coupled 
with the resonator housing. 

In this manner, the coupling arrangements with 
95 loops which have been found to be of advantage 
for some mod^ of oscillation and/or resonator 
types, can be used with advantage, it being 
simultaneously possible to tune a resonator via 
the loop alone to different samples which 
1 00 constitute dffforent basic loads on the resonator, 
in particular when on the one hand solid bodies 
and on the other hand liquid samples, which 
represent a much higher load on the resonator, 
are to be investigated. 
1 05 In this manner, a more efficient coupling of the 
resonator to the if fine can be achieved so that the 
resonator can operate with a higher intensity of 
the rf magnetic field even with unchanged power 
of therf murca 
110 If, according to a forther improvement of the 
Invention, this capacitive coupling is also 
rendered adjustable, the resonator can be 
perfectly adapted to the feeding rf tine so as to 
minimize the standing wave ratio on the feeding 
115 line and, as a result make the best possible use of 
the power of the rf souroe. 

It is particulariy advantageous in sudi an 
arrangement if the mechanical adjustment of the 
loop and the adjustment of the capacitive 
1 20 coupling can be achieved by common means. This 
fediltates quite considerably the adaptation of the 
resonator to different samples and permits to 
make the best possible use of the rf power 
available. 

1 25 When the inductance of th loop and the 

capacitance of the coupling are varied in the same 
sense, a broad range of loads on the resonator 
constituted by dffferent samples can be 
compen^ted. 
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The mechanical adjustment of the loop can be 
realized In a particularly simple manner by 
providing a loop holder in which the loop arriving 
from th feeding rf line ends and which can be 
5 adjusted, preferably by means of a screw. 
The capacitive coupling is realized In a 
particulariy easy manner if the screw Is made of a 
plastic matedal, with the loop holder ending In the 
screw and the screw engaging the metailfc cover 
10 of the resonator. 

The effect of such an arrangement Is even 
Improved when the outer thread of the plastic 
screw and the inner thread of the screw which 
coacts with the ioc^ holder exhibit different pitchs 
1 5 80 that any rotation of the screw will result in a 
relative movement between the screw and the 
loop holder which In turn will lead on the one 
hand to a variation of the capacitive coupling and, 
on the other hand, to a mechanical adjustment of 
20 the loop. 

By enclosing the plastic screw by an 
electrically conductive sleeve which is also 
adjustably seated In the resonator housing, a 
further basic adjustment of the coupling 
25 arrangement of the invention can be realized so 
that tuning to an even wider range of different 
samples becomes possible. 

Other advantages of the invention will become 
apparentfrom the specification and the attached 
30 drawing. 

The Invention will be described hereafter In 
detail with reference to the drawings In whlch>— 

Rg. 1 shows a lateral view, partly In cross- 
section, of a cylindrical cavity resonator using one 
35 embodiment of a coupling arrangement in 
accordance with the Invention; 

Fig. 2 shows a cross^ectlon through the 
represented embodiment of the coupling 
arrangement of the Invention, In a direction 
40 vertical to the view of Fig. 1 ; 

Rg. 3 shows an electric equh^alent circuit 
diagram for the employed coupling arrangement 
of the invention. 

Fig. 1 shows a cylindrical cavity resonator 10 
45 for electron spin resonance measurements. A 
cover part of the cavity resonator 10 comprises a 
screw cap 1 1 by means of which samples 1 7 can 
be located In the resonator axis, using a chuck not 
visible In the drawing. The rf signal is supplied to 
50 the resonator 10 via a coaxial line 12 comprising 
an inner conductor 1 3. The inner conductor 1 3 
ends in a loop 14 which in turn ends in a loop 
holder 1 5. The loop holder 1 5 can be axlally 
adjusted by means of a screw 1 6. 
65 In the example shown in Fig. 1 , the cavity 
resonator 1 0 Is excited by a Hp,, mode In which 
the magnetic flux lines extend along the resonator 
axis, from there In a radial direction over a cover 
part, and then In the axial direction near the shell 
oO surface of the resonator 1 0, to return finally to the 
resonator axis in a radial direction along the other 
cover part. The sample 1 7 which Is located in the 
resonator axis is, therefore, situated In the area 
where a maximum of the magnetic flux lines Is 
65 encountered For coupling in the rf signal from the 



coaxial line 12, the loop 14 is, therefore, an-anged 
m a cover part of the resonator 1 0 along a circular 
sector so tiiat it embrances part of the magnetic 
flux lines of the resonator when the before- 
70 mentioned H^^ mode is used. From a top view of 
the resonator shown in Rg. 1 It would appear tiiat 
the feed-In of tfie coaxial line 12 and the loop 
holder 1 5 are both an^nged on a common 
circumferential line. 

75 Fig. 2 shows tiie coupling arrangement of the 
Invention in detail. The cover part 20 comprises in 
Its bottom portion a resonator cap 21 forming th 
top face of the resonator. An opening 22 for the 
samples passes through the cover part 20 and 
80 can be closed by the screw cap 1 1 shown in fig. 
1 . A clamping element 24 is fastened, for 
instance by screwing, on an Inclined face milled 
into the cover part 20. The clamping element 24 
IS provided witii a screw 25 extending vertically to 
85 tiie axis of the clamping element 24, A metallic 
sleeve 28 fitted with an Internal thread 27 is 
provided to slide along the axis of the clamping 
element 24. The internal thread 27 coacts with 
the plastic screw 1 6 which Is In turn provided 
90 with an axial blind bore 29 provided with an 
Internal thread 31 which coacts with a matching 
outer thread of the loop holder 15. 

As will be seen in fig. 2, the plastic screw 1 6 
forms a capacitive coupling between the loop 
95 holder 1 5 and the metallic cover part 20 of th 
resonator 1 0. So, a capacitor arrangement with 
the loop holder 1 5 as inner and the sleeve 28 as 
outer electrode and the plastic screw 1 6 as 
dielectric will be obtained, depending on the 
1 00 depth of penetration of the threaded section of 
the loop holder 1 5 into the plastic screw 1 6 or the 
metallic sleeve 28 surrounding the latter. 

According to the invention, the two threads 27 
and 3 1 have different pitchs, the pitch of the 
105 thread 31 being preferably smaller than that of 
the thread 27. Now, when the plastic screw 26 is 
tumed by means of a suitable instrument, it Is 
displaced relative to the sleeve 28. At the same 
time, a relative movement Is obtained between 
no the loop holder 1 5 and the sleeve 28 because the 
loop holder 1 5 is held at Its lower end by the loop 
1 4, which is Insofer stationary, to prevent any 
rotation of the loop holder 1 5 about Its 
longitudinal axis. Thus, the loop holder 15 is 
1 1 5 permitted to move only in the axial direction 

whereby the surfece of the loop 14 which enters 
the Interior of the resonator Is varied, as can be 
seen In figs. 1 and 2, And since the position of the 
plastic screw 16 is changed simultaneously, this 
1 20 means that the effective loop surfece and the 
capacitance of the before-described arrangement 
are varied simultaneously between the loop 
holder 15 and the sleev 28. The design of the 
threads 27 and 3 1 is selected to ensure that the 
1 25 capacitance varies in the same sense as the 
inductance f the loop 1 4. 

In the equivalent circuit diagram of the 
arrangement shown in fig. 3, the effective 
connected resistance derived from the resonator 
1 30 and the coupling arrangement is designated by Z. 



GB 2 134 721 A 



The capacitanc between the loop holder 1 5 and 
the sleeve 28 is designated by while 1^ 
symbolizes the Inductance of ^e loop. The cavity 
resonator 1 0 is represented by the Inductance 
5 and the capacitance Cq arranged In parallel 
thereto. The load In the form of the sample 1 7 Is 
represented In the equivalent circuit diagram by a 
complex resistor Zp. 

Now, when a sample 1 7 Is replaced by another 

10 sample having a different complex resistance Zp« 
the basic resonance frequency of the resonator 
will vary so that if correct tuning is to be achieved 
it fs necessary to vary the elements Z and, via the 
effective loop inductance also the mutual 
I 1 5 Inductance M, M representing the coupling 
between the loop 14 and the resonator. 

When the elements C and are varied In equal 
sense, tuning occurs in the manner of a resonant 
input circuit so that the standing wave ratio on 

20 the feeding line is minimized and the greatest 
possible portion of the power of the rf source is 
permitted to reach the resonator. 

Tuning of the resonator using the coupling 
errangement of the invention may be effected in 

25 two steps. A certain basic tuning may be achieved 
by displacing the metallic sleeve 28 axialty within 
the clamping element 24 and fixing it thereafter In 
its new position by means of the screw 25. This 
step serves substantially to vary the effective 

30 surface of the loop 1 4, i.e. the loop inductance L,. 
Thereafter, fine tuning may fc>e effected by turning 
the screw 1 6, thereby provoking the before- 
described relative movement between the screw 
1 6 and the loop holder 1 5 on the one hand and 

35 the sleeve 28 on the other hand. Thus, the 
capacitance C and the inductance are varied 
simultaneously so that on the whole optimum 
tuning of the resonator can be achieved by 
varying the coupling. 

40 It goes without saying that the coupling to a 
cylindrical cavity resonator 10 of the H^^^ mode 
Just described is to be understood only as an 
example illustrating the invention and that the 
coupling arrangement of the invention can be 

45 suitably varied also for use with other resonator 
configurations and other oscillation modes. 

Claims 

1 . A coupling arrangement for a cavity 
resonator ( 1 0), In particular for measuring the 
50 magnetic refinance of a sample (17) located 
within the cavity resonator (1 0), In which a radio 
frequency signal is supplied to the cavity 
resonator ( 1 0) and coupled in by means of a loop 
(14) for exciting an oscillation mode (Hg^, ), with 



55 means being provided for mechanically adjusting 
the loop (14), characterized In that the loop (14) is 
capacitively coupled with the resonator housing. 

2. A coupling arrangement In accordance with 
claim 1 , characterized in that the capacltive 

60 coupling is adjustable. 

3. A coupling arrangement in accordance with 
claim 2, characterized in that the mechanical 
adjusting means and the capacltive coupling can 
be adjusted by common means. 

65 4. A coupting arrangement in accordance with 
claim 3, characterized In that the common 
adjustment varies the Inductance (1^) of the loop 
and the capacltive coupling (C) in equal sense.. 

5. A coupling arrangement In accordance with 
70 claim 1 , characterized in that the loop (14) ends in 

a loop holder (15) which can preferably be 
adjusted by means of a screw (1 6). 

6. A coupling-arrangement in accordance with 
claim 5, characterized in that the screw (1 6) Is 

75 made of a plastic material and provided with an 
axial blind bore (29) fitted with an internal thread 
(31) coacting with a corresponding outer thread 
provided on the loop holder (1 5). 

7. A coupling arrangement In accordance with 
80 claim 6, characterized in that the screw (1 6) 

comprises further an outer thread (27) coacting 
with a corresponding inner thread of a metallic 
sleeve (28), the outer thread (27) of the screw 
( 1 6) having a pitch different from that of the Inner 
85 thread (3 1 ) of the blind bore (29). 

8. A coupling anrangement in accordance with 
claim 7, characterized in that the sleeve (28) is 
adjustably held in a clamping element (24) 
fastened on the resonator body. 

90 9. A coupling arrangement in accordance with 
claim 1, characterized in that the loop (14) is 
arranged in a cap portion (20) forming the top 
face of a cylindrical cavity resonator (1 0). 
1 0. A coupling arrangement in accordance 
95 with claim 9, characterized in that tiie cylindrical 
cavity resonator (1 0) is excited In the H^^^ mode 
and that the loop (14) extends In the form of a 
circular arc around the resonator axis and into the 
Interior of the resonator. 
1 00 1 1 . A coupling arrangement in accordance with 
claim 1 , characterized in that the cavity resonator 
(1 0) Is supplied with the radio frequency signal 
through a coaxial line (12), the loop (14) fomiing 
an extension of the Inner conductor (1 3) of the 
105 coaxial line (12). 

1 2. A coupling arrangement for a cavity 
resonator substantially as herein desoibed with 
reference to the accompanying drawings. 
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